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OPTICAL MULTIPLEXER/DEMULTIPLEXER 

The invention relates to optical multiplexers and demultiplexers and is particularly 
applicable to optical filters. 

Optical filters may comprise several Input and output waveguides and a dispersive 
element such as a diffraction grating located between the input and output 
waveguides. Light consisting of multiple wavelengths may be input so as to 
interact with the dispersive element resulting in various frequency components 
coupling with different output waveguides. The arrangement may include 
focussing elements such as lenses or mirrors on either side of the dispersive 
element. The dispersive element which separates the light beam with respect to 
frequency may be an array of waveguides or etched mirror elements. Such 
optical filters can be used as multiplexers and demultiplexers in optical systems 
for combining or separating multiple frequencies of light in wavelength division 
multiplexed fibre optic communication systems. Such a prior art system is shown 
in Figure 1 of the accompanying drawings. 

The passband width and shape for each of the dispersed frequencies is important 
in multiplexer and demultiplexer components. To prevent significant light intensity 
fluctuations over the passband width of each of the output waveguides, a flattened 
profile within the passband may be desirable while maintaining a low level of cross 
talk between the different frequency channels. Wider separation between the 
output waveguides results in lower cross talk at the expense of nanrower 
passband widths of each channel due to the higher spatial dispersion required. 
One prior art method of obtaining a flatter profile is the use of a multimode 
interference coupler of the type shown in the prior art arrangement of Figure 2. in 
that case light of multiple wavelengths is input to an input waveguide 11 , the light 
having a field profile of the type shown at 12. The input waveguide 1 1 may be a 
single mode waveguide or the profile 12 may represent that of the fundamental 
mode if the input waveguide is not single moded. In the coupler 13 multimode 
interference occurs causing an output field profile as shown at 14. When used in 
the general arrangement of Figure 1, this results in a flatter field profile for each of 
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the dispers d firequ nci s rec ived in th output channels thereby reducing 
fluctuations in light intensity received by each output channel due to tolerance in 
frequency controls. 

It is an object of the present invention to provide improved apparatus and methods 
for achieving broader and/or flatter passbands which may be used in optical 
multiplexers, demultiplexers and optical filters. 

The invention provides an optical filter comprising an optical input having at least 
one waveguide for inputting multiple optical wavelengths, a wavelength dispersive 
device arranged to receive light from the optical input, and an optical output 
having a plurality of spatially separated waveguides for receiving respective 
wavelength bands of light from the wavelength dispersive device, at least one of 
the waveguides in the optical output or optical input forming part of an evanescent 
waveguide coupler comprising a group of coupled waveguides side by side such 
that optical coupling occurs between outer and inner waveguides of said group of 
waveguides. 

Preferably the or each group of waveguides comprises three waveguides side by 
side. 

Preferably the outer waveguides of each group are curved outwardly away from 
the inner waveguide at an end of the coupler remote from the dispersive device 
thereby reducing the loss of the coupler. 

Preferably said evanescent waveguide coupler is located in said optical input, the 
inner waveguide being optically coupled to a light source of multiple wavelengths. 

Preferably the waveguides of the or each coupler have an interaction length and 
separation to produce overlapping peaks of light intensity transverse to the optical 
path. 
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Preferably th outer wav guides of said group of waveguid s are tapered 
outwardly at th end of the group nearest the wavelength dispersive device 
thereby to provide a d sired overlap of light intensity peaks for light coupled in the 
coupler. 

Preferably said inner waveguide of a group is a single mode waveguide device. 

Preferably focussing means is located between the optical input and the 
wavelength dispersive device. 

Preferably focussing means are located between the wavelength dispersive 
device and the optical output. 

The wavelength dispersive device may comprise a dispersive grating. 

The wavelength dispersive device may comprise a dispersive waveguide array. 

The optical output may include one or more evanescent couplers each comprising 
three waveguides side by side, the three waveguides being arranged to receive 
respective parts of the dispersed output and to couple optically between outer and 
inner waveguides of said three waveguides. 

Preferably the input waveguide or waveguides form at least part of an integrated 
chip device. 

Preferably tiie output waveguides fomn at least part of an integrated chip device. 

Preferably the input and output waveguides as well as the wavelength dispersive 
device are formed as an integrated chip device. 

The chip device may be a silicon chip device. 
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The invention includes a metliod of multiplexing or demultiplexing optical signals 
by passing light of multiple wavelengths through an optically dispersive device 
located between input and output waveguides, at least one of the input or output 
waveguides forming part of an evanescent waveguide coupler comprising a group 
of coupled waveguides side by side such that optical coupling occurs between 
outer and inner waveguides of the group. 

Preferably light of multiple wavelengths is filtered by a wavelength dispersive 
device, said method comprising inputting light to the wavelength dispersive device 
through an optical input and receiving light from the dispersive device through a 
plurality of spatially separated output waveguides, the optical input effecting 
evanescent coupling between a group of coupled waveguides located side by 
side. 

Preferably each output provides a transmission variation with frequency which is 
flatter than a Gaussian distribution. 

Preferably each output provides a transmission variation with frequency which is 
broader than a Gaussian distribution. 

Some embodiments of the present invention will now be described by way of 
example and with reference to the accompanying drawings in which: 

Figure 1 shows a prior art optical filter, 

Figure 2 shows a prior art input for an optical filter, 

Figure 3 shows one embodiment of the present invention, 

Figure 4 shows on an enlarged scale part of the device of Figure 3, 

Figure 5 shows an altemative an-angement for the part showing in Figure 4 which 
may be used in accordance with the invention, 
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Figure 6 shows a further embodiment of the invention, and 

Figures 7 and 8 show passband profiles for the devices of Figures 3 to 6. 

The prior art arrangements of Figures 1 and 2 have been described above. 

In the embodiment of Figure 3, an optical filter is provided for combining or 
separating multiple frequencies of light in a wavelength division multiplexed fibre 
optic communication system. The filter itself is formed as a single integrated chip 
device 15 formed in this example of silicon with a plurality of silicon rib 
waveguides formed on the chip as well as a wavelength dispersive device 16. In 
this example the dispersive device comprises an optical grating which may be 
formed by an array of waveguides in known manner or formed as etched mirror 
elements in the single integrated chip 15. The rib waveguides form an optical 
input 17 and an optical output 18. A focussing element, such as a lens or mirror is 
formed in the chip device both at position 19 between the input 17 and the grating 

16 and at position 20 between the grating 16 and the output waveguides 18. 

in use, light from a multiwavelength source is input through the input waveguide 

17 and collimated by focussing element 19 onto the dispersive grating 16. The 
grating causes spatial distribution of different frequency channels and these are 
focussed by focussing element 20 into the output waveguides 18. 

In this example output waveguides 18 comprise a plurality of spatially separated 
rib waveguides side by side, the number of waveguides conresponding to the 
number of output frequency channels. For convenience three output waveguides 
are shown. The input waveguides comprise a group forming an evanescent 
coupler 22. In this example the coupler comprises three parallel waveguides side 
by side with the central waveguide 23 leading to the edge of the chip 15 where it 
is coupled to an optical fibre input. Similariy the output waveguides 18 extend to 
the edge of the chip where they may be coupled to respective optical fibre 
outputs. The coupler 22 includes two outer waveguides 24 and 25 which extend 
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along the central waveguld 23 for a required interaction length and with a 
requlr d separation between the waveguld s so as to produce overlapping peaks 
of light intensity transverse to the optical input path 26. Each of the outer 
waveguides 24 and 25 of the coupler 22 are curved away from the central 
waveguide 23 at the end of the coupler remote from the grating element 16 so as 
to avoid significant reflective losses in the input waveguides at the position where 
interaction occurs between the waveguides of the coupler. 

As is shown in Figure 4, the central rib waveguide 23 is a single mode waveguide 
and has a field profile across the waveguide as shown by a single peak 27 
entering the waveguide 23. By correct adjustment of the interaction length and 
separation within the coupler 22, the field profile of light emerging from the coupler 
is shown at 28 and comprises two overiapping peaks. This profile is duly 
dispersed into the separate frequency channels by the grating 16 causing the field 
profile of each passband entering the output waveguides 18 to have a broadened 
and flattened profile as shown at 29 entering the middle output waveguide 18. It 
will be appreciated that the spatial distribution caused by the grating 16 causes 
each of the output waveguides 18 to select a particular frequency passband. The 
separation of the output waveguides is arranged to avoid unwanted cross talk 
between the frequency channels and the broader, flatter field profile entering each 
of the output channels reduces variation in light intensity in each channel arising 
from tolerance of frequency control which may be required within the system. 

The flat topped transmission profiles obtained with use of the present invention 
can be seen more fully in Figures 7 and 8. Figure 7 shows a nonmal Gaussian 
tiBnsmlssion profile 35 which may result fi-om the device of Figure 1 . This may be 
broadened as shown at 36 to transmit a wider range of frequencies. The 
embodiment described flattens the top of this broader profile to give the frequency 
transmission profile shown at 37. Figure 8 shows this flatt ned broader profile 38 
with normalised transmission on the Y axis and frequency in GHz on the X axis. 

The evanescent coupler 22 is shown in more detail in Figure 4 where the electric 
field amplitude on the input side of the coupler is shown at 27 and the double 



wo 01/50166 



wo 01/50166 



7 



PCT/GB00/D4797 



peaked output is shown at 28. The separation between centres of adjacent 
waveguides 23, 24 and 25 is shown as s and the interaction length Is shown as L. 
The values of L and s are chosen to achieve the desired broad double peak 
profile 28. 

A modified form of the coupler 22 is shown in Figure 5 and similar reference 
numerals have been used for similar parts. In this case the double peaked output 
profile 28 is broadened by using tapered waveguides in the coupler 22. For a 
particular waveguide separation s it may arise that when the waveguide mode is 
well confined then the double image at the output end of the coupler may consist 
of two distinctly separated spots. In such a case the outer waveguide 24 and 25 
may be tapered so as to produce a tapered spread of light having its centre offset 
by distance Y from the axial centre of the waveguides 24 and 25. The use of such 
tapered waveguides 24 and 25 may then cause the overlapping double peak 28 
as shown in Figure 5. 

It will be understood that the operation of light through a multiplexer or 
demultiplexer is reversible. Due to optical reciprocity an embodiment may be 
an^nged as shown in Figure 6 in which light having a single peaked field profile is 
input through a rib waveguide 30 and the spatially separated output frequency 
channels are received by three evanescent couplers 22a, 22b and 22c similar to 
the couplers previously described. In this case, the light is dispersed by the 
grating 16 acting on a single narrower peak but each output coupler is arranged to 
detect its output channel across the three waveguides forming each of the 
couplers. Due to the evanescent coupling within the coupler three single peaked 
outputs 31, 32 and 33 are output to connecting fibres at the edge of the single 
integrated chip 34. 

It will be understood that the evanescent couplers in the above examples achieve 
pass widening so that the desired pass band width is achieved. Light to be 
transmitted to the coupler is directed into the central waveguide of the coupler and 
not into the outer waveguides on either side of the central waveguide. The outer 
waveguides merely couple by evanescent coupling with the central waveguide 
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through which the light is transmitted. The outer waveguides of the coupler 
merely connect at each end to the planar slab region of silicon in a silicon chip 
implementation. 

The invention is not limited to the details of the foregoing example. 
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CLAIMS: 

1 . An optical filter comprising an optical input having at least one waveguide 
for inputting multiple optical wavelengths, a wavelength dispersive device 
arranged to receive light from the optical input, and an optical output having a 
plurality of spatially separated waveguides for receiving respective wavelength 
bands of light from the wavelength dispersive device, at least one of the 
waveguides in the optical output or optical input fomiing part of an evanescent 
waveguide coupler comprising a group of coupled waveguides side by side such 
that optical coupling occurs between outer and inner waveguides of said group of 
waveguides. 

2. An optical filter according to claim 1 in which the or each group of 
waveguides comprises three waveguides side by side. 

3. An optical filter according to claim 2 in which the outer waveguides of each 
group are curved outwardly away from the inner waveguide at an end of the 
coupler remote from the dispersive device thereby reducing loss within the 
coupler. 

4. An optical filter according to any one of the preceding claims in which said 
evanescent waveguide coupler is located in said optical input, the inner 
waveguide being optically coupled to a light source of multiple wavelengths. 

5. An optical filter according to any one of the preceding claims in which the 
waveguides of the or each coupler have an interaction length and separation to 
produce overlapping peaks of light intensity transverse to the optical path. 

6. An optical filter according to any one of the preceding claims in which the 
outer waveguides of said group of waveguides are tapered outwardly at the end of 
the group nearest the wavelength dispersive device thereby to provide a desired 
overlap of light intensity peaks for light coupled in the coupler. 
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7. An optical filter according to any one of the preceding claims in which said 
inner waveguide of a group is a single mode waveguide device. 

8. An optical filter according to any one of the preceding claims in which 
focussing means is located between the optical input and the wavelength 
dispersive device. 

9. An optical filter according to claim 8 in which focussing means are located 
between the wavelength dispersive device and the optical output. 

10. An optical filter according to any one of the preceding claims in which the 
wavelength dispersive device comprises a dispersive grating. 

11. An optical filter according to any one of the preceding claims in which the 
wavelength dispersive device comprises a dispersive waveguide array. 

12. An optical filter according to any one of the preceding claims in which the 
optical output includes one or more evanescent couplers each comprising three 
waveguides side by side, the three waveguides being arranged to receive 
respective parts of the dispersed output and to couple optically between outer and 
inner waveguides of said three waveguides. 

13. An optical filter according to any one of the preceding claims in which the 
input waveguide or waveguides fonn at least part of an integrated chip device. 

14. An optical filter according to any one of the preceding claims in which the 
output waveguides form at least part of an integrated chip device. 

15. An optical filter according to any one of the preceding claims in which the 
input and output waveguides as well as the wavelength dispersive device are 
fonmed as an integrat d chip device. 
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16. An optical filter according to any one of claims 13 to 15 in which the chip 
device is a silicon chip device. 

17. An optical filter according to any one of the preceding claims in which each 
of the waveguides in the optical output has a passband which has a transmission 
variation with frequency which is flatter and broader than a Gaussian distribution. 

18. A method of multiplexing or demultiplexing optical signals by passing light 
of multiple wavelengths through an optically dispersive device located between 
input and output waveguides, at least one of the input or output waveguides 
forming part of an evanescent waveguide coupler comprising a group of coupled 
waveguides side by side such that optical coupling occurs between outer and 
inner waveguides of the group. 

19. A method according to claim 17 in which light of multiple wavelengths is 
filtered by a wavelength dispersive device, said method comprising inputting light 
to the wavelength dispersive device through an optical input and receiving light 
from the dispersive device through a plurality of spatially separated output 
waveguides, the optical input effecting evanescent coupling between a group of 
coupled waveguides located side by side. 

20. A method of multiplexing or demultiplexing optical signals according to 
claim 18 or claim 19 in which each output provides a transmission variation with 
frequency which is flatter than a Gaussian distribution. 

21. A method according to any one of claims 18 to 20 in which each output 
provides a transmission variation with frequency which is broader than a Gaussian 
distribution. 
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Fig.5. 
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